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which results In losing an advantage of the MISFET 
utilizing the SOI substrate that the carrier mobility 
can be enhanced. 

The MISFET structure 18 of Fig. 4 is advanta- 
geous with regard to an easier manufacturing proc- 
ess. Again, similar as in Fig. 3, the MISFET 18 shown 
in Fig. 4 is provided with a semiconductor region 16 
of the same conductivity type as a channel region 12 
formed outside and adjacent to a shallow source re- 
gion 5. A common source electrode 9 is used, thereby 
making it possible to use the MISFET 18 as an ordi- 
nary three-terminal element The positive holes h pro- 
duced by the impact ionization are removed through 
the semiconductor region 16 and the source elec- 
trode 9 and the drain breakdown voltage is improved. 
However, as shown in Fig. 5, if a semiconductor re- 
gion 1 9 of the same conductivity type as the semicon- 
ductor region 16 is additionally provided outside of 
the drain region 6 in consideration of a symmetric ele- 
ment structure of the MISFET 18, positive holes h 
from the semiconductor region 19 to the channel re- 
gion 12 flow into the semiconductor region 16 on the 
side of the source region 15 (indicated by a hole cur- 
rent lp P in Fig. 5) causing problems with shortcircuit- 
ing, i. e. a more or less conducting state between the 
source and the drain, for example, under a non-oper- 
ative condition. It is therefore impossible to apply this 
structure to a switching element such as an access 
transistor for a static RAM (random access memory) 
cell which uses the source and the drain alternately, 
so that the applicable range as a circuit element is lim- 
ited. 

OBJECTS AND SUMMARY OF THE INVENTION 

It is an object of the invention to provide an im- 
proved MIS-type semiconductor device in which the 
aforementioned shortcomings and disadvantages en- 
countered with the prior art can be substantially elim- 
inated. 

More specifically, it is an object of the invention 
to provide a MIS-type semiconductor device in which 
degradation of the breakdown voltage due to impact 
ionization can be suppressed to thereby improve re- 
liability of the semiconductor device itself. 

It is another object of the invention to provide a 
MIS-type semiconductor device which can be applied 
to a wider variety of fields as a circuit element. 

The semiconductor device of the present inven- 
tion comprises the features of appended claim 1. Ac- 
cording to the invention, the second conductivity type 
semiconductor region separated from the channel re- 
gion is provided adjacent to the first conductivity type 
source region, such that the distance (width) W N of 
the source region between the second conductivity 
type semiconductor region and the channel region 
becomes shorter than the diffusion length L p of the 
minority carriers in the source region to thereby re- 



duce the effective diffusion length of the minority car- 
riers in the source region. Simultaneously, a bipolar 
transistor structure is formed by the second conduc- 
tivity type channel region, the first conductivity type 

5 source region and the second conductivity type sem- 
iconductor region. Accordingly, if a predetermined po- 
tential voltage is applied to this second conductivity 
type semiconductor region or if the second conduc- 
tivity type semiconductor region and the source re- 

10 gion are connected in common, the channel region, 
the source region and the second conductivity type 
semiconductor region act as a bipolar transistor, 
thereby making it possible to remove a minority car- 
rier current through the first conductivity type source 

15 region and the second conductivity type semiconduc- 
tor region (e. g., a hole current if a n-channel MISFET 
is concerned) generated in the channel region due to 
the said impact ionization. 

Therefore it is possible to prevent, on the one 

20 hand, the degradation of the breakdown voltage be- 
tween the source and the drain while maintaining the 
advantages of the MISFET with a SOI substrate and, 
on the other hand, inhibiting shortcircuiting and con- 
duction if the element structure is symmetric, which 

25 results in improved reliability of the semiconductor 
device and an enhanced applicable range as a circuit 
element. 

The above and other objects, features and ad- 
vantages of the present invention will become appa- 
30 rent from the following detailed description of illustra- 
tive embodiments thereof to be read in conjunction 
with the accompanying drawings, in which like refer- 
ence numerals are used to identify the same or sim- 
ilar parts in the several view. 

35 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram showing a struc- 
ture of a first example of a MIS-type semiconduo 
40 tor device according to the prior art; 

FIG. 2 is a schematic diagram showing a struc- 
ture of a second example of a known MIS-type 
semiconductor device; 

FIG. 3 is a schematic diagram showing a struc- 
45 ture of a third example of a prior art MIS-type 
semiconductor device; 

FIG. 4 is a schematic diagram showing the struc- 
ture of a fourth example of a MIS-type semicon- 
ductor device according to the state of the art; 

50 FIG. 5 is a schematic diagram of the structure of 

a fifth example of a MIS-type semiconductor de- 
vice according to the prior art; 
FIG. 6 is a schematic diagram of the structure of 
a first embodiment of a MIS-type semiconductor 

55 device according to the first concept of the inven- 

tion; 

FIG. 7 depicts a schematic diagram of the struc- 
ture of a second modified embodiment of the first 
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plain another manufacturing process of the thir- 
teenth embodiment of the invention, respectively. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The invention will now be described with refer- 
ence to the drawings as applied to an n-channel MIS- 
FET in the respective embodiments. However, when 
reading the present disclosure, the person skilled in 
the art can of course readily transfer the ideas of the 
present invention to a p-channel MISFET. 

Fig. 6 shows a first embodiment of the present in- 
vention which employs a SOI substrate 24 comprising 
a silicon thin film 23 insulathvely formed on a silicon 
substrate 21 through a SiOa film 22. Within the p-type 
silicon thin film 23 comprised in the SOI substrate 24, 
a first conductivity type or n-type source region 25 
and a drain region 26 are formed so as to reach the 
bottom of the Si0 2 film 22. A p-type region 28 whose 
conductivity type is opposite to that of the source re- 
gion 25, is provided outside and adjacent to the 
source region 25 but separated and remote from a 
channel region 27. The distance (width) W N of the 
source region 25 between the p-type region 28 and 
the channel region 27 is selected to be shorter than 
the diffusion length Lp of the minority carriers or pos- 
itive holes in the source region 25. A gate electrode 
30 made of, for example, polycrystalline silicon, is 
provided on the channel region 27 between the 
source region 25 and the drain region 26 through a 
gate insulating film 29 of, for example, Si0 2 or the 
like. Then, a source electrode 31 , a drain electrode 32 
and a lead-out electrode 33 are formed on the source 
region 25, the drain region 26 and the p-type region 
28, respectively, to constitute a n-channel MISFET 
34. 

Figs. 7 to 9 show other embodiments of the inven- 
tion which are respectively modified examples of Fig. 
6. As shown in Fig. 7, the n-type source region 25 and 
the drain region 26 are formed so as to reach the Si0 2 
film 22 at the bottom of the film 23 and the p-type re- 
gion 28 is located in the n-type source region 25. As 
shown in Fig. 8, the n-type source region 25 and the 
drain region 26 have a depth which does not reach the 
Si0 2 film 22 at the bottom of the film 23, and the p- 
type region 28 is again located in the n-type source 
region 25. Further, as shows the plan view of Fig. 9. 
the p-type region 28 can also be formed in a portion 
surrounded by the n-type source region 26. 

A predetermined voltage, for example ground vol- 
tage, is applied to the lead-out electrode 33 on the p- 
type region 28 of the respective MISFETs 34 to 37 
shown in Figs. 6 through 9. 

According to the structure described above, the 
p-type region 28 is provided adjacent or within the n- 
type source region 25 so as to be separated from the 
p-type channel region 27, whereby a pnp bipolar tran- 



sistor structure is formed by the p-type channel re- 
gion 27, the n-type source region 25 and the p-type 
region 28 serving as the emitter, the base and the col- 
lector, respectively. By this structure, holes h (hole 

5 current Lp) or the minority carriers generated by im- 
pact ionization occurring at the end of the drain region 
are released from the channel region 27 through the 
source region 25 and the p-type region 28 of the elec- 
trode 33, thereby making it possible to suppress the 

10 degradation of the breakdown voltage between the 
source and the drain due to the impact ionization. 

While the MISFET devices are four-terminal ele- 
ments in the above-described embodiments, they 
can be used as three- terminal elements by connec- 
ts ing the source region 25 and the p-type region 28 with 
an electrode metal or the like outside the device. 

Fig. 10 shows a fifth embodiment of a three- 
terminal MISFET using the structure of Fig. 6, where- 
in a source electrode 31 partly covers both, the 

20 source region 25 and the p-type region 28 so as to 
commonly connect them with each other. Fig. 31 
shows the simulation result of the characteristic of the 
source-drain breakdown voltage of the three-terminal 
MISFET 38 of Fig. 10. A curve II in Fig. 31 indicates 

25 the characteristic of the MISFET 38 of the fifth em- 
bodiment and a curve I in Fig. 31 the characteristic of 
the conventional MISFET shown in Fig. 1. Either of 
the samples has a p-type channel region in an impur- 
ity concentration of 5 x 10 15 crrr 3 , and n-type source 

30 region and drain region in an impurity concentration 
of 1 x 1 0 20 cnr 3 . The impurity concentration of the p- 
type region 28 of the fifth embodiment is 1 x 10 18 
crrr 3 . It is also assumed that the silicon thin film has 
a thickness of 100 nm and the SK^ film (on the bot- 

35 torn) of the SOI substrate has thickness of 1 urn n* 
polycrystalline silicon is used for the gate electrode, 
and a gate voltage V 0 is selected to be -0.5V. 

It results from this simulation that the MISFET 38 
of the fifth embodiment (Fig. 10) has an improved 

40 breakdown voltage between the source and the drain 
as compared with the conventional MISFET 11 (Fig. 
1). 

In the structure of the above-mentioned embodi- 
ments shown in Figs. 6 to 10, it is possible to place 

45 the n-type region 28 symmetrically adjacent to both 
sides of the source region 25 and the drain region 26. 
Fig. 11 shows as a sixth embodiment a MISFET of 
such type with a three-terminal LDD (lightly doped 
drain) structure. 

so This MISFET 39 has p-type regions 28A and 28B, 

respectively formed outside of a source reg Ion 25 and 
a drain region 26 having high concentration regions 
25a, 26a and low concentration regions 25b, 26b, 
wherein the source region 25 and the p-type region 

55 28Aare commonly connected by the source electrode 
31 , and the drain region 26 and the p-type region 28B 
are commonly connected by the drain electrode 32. 
Also in this structure, the effective distance (width) 



5 



11 



EP 0 465 961 B1 



12 



region 26 via a gate insulating film 29 made of, for ex- 
ample, Si0 2 or the like. Also, a source electrode 31, 
a drain electrode 32 and a lead-out electrode 48 are 
formed on the source region 25, the drain region 26 
and the p-type region 47, respectively, to constitute 
a MISFET 49. The potential of the p-type region 47 
may not coincide with the drain potential but must co- 
incide with the source potential or must become sub- 
stantially equal to the source potential. That is, as 
shown in a potential diagram of Fig. 34A (L e., poten- 
tial diagram along line X - X on the structure of Fig. 
34B), a potential p b of the p-type region 47 must be 
selected to be lower than a potential p fl of the channel 
region 27. 

In the thus constructed MISFET 49, the p-type re- 
gion 47 is formed on the side of the drain region 26 
close to the source of electron-positive hole couplings 
generated by the impact ionization, whereby the pos- 
itive holes h generated by the impact ionization can 
be released from the drain region 26 through the p- 
type region 47, which leads to the improvement of the 
breakdown voltage between the source and the drain. 
Fig. 33 shows results of simulation of the source- 
drain breakdown voltage characteristics of the MIS- 
FET 49 of the eleventh embodiment of the invention. 
In Fig. 33, a curve IV indicates the characteristic of 
the MISFET 49 of the eleventh embodiment, a curve 
I indicates the characteristic of the conventional MIS- 
FET 11 of Fig. 1 and a curve II indicates the charac- 
teristic of the MISFET 34 of Fig. 6. Test samples of the 
eleventh embodiment are essentially the same as 
those of Fig. 31 except that the impurity concentra- 
tion of the p-type region 47 is selected to be 1 x 10 18 
crrr 3 and that the potential of the p-type region 47 is 
selected to be 0 V which is similar to the potential of 
the source region. The results of simulation demon- 
strate that the source-drain breakdown voltage of the 
MISFET 49 of the eleventh embodiment is improved 
as compared with that of the conventional MISFET 11 
of Fig. 1. 

The structure of the MISFET 49 can achieve sim- 
ilar effects as those of the MISFET 34 of Fig. 6 except 
that it cannot be formed as a three-terminal structure. 

Fig. 17 shows the eleventh embodiment of the 
present invention. In this eleventh embodiment, in a 
silicon thin film 23, for example, of p-type, comprised 
in an SOI substrate 24, there are formed a n-type 
source region 25 and a drain region 26, respectively, 
having high concentration regions 25a and 26a and 
low concentration regions 25c and 26c, formed be- 
neath the high concentration regions 25a and 26a, 
reaching an Si0 2 film 22 at the bottom, respectively, 
and a p-type region 28 is formed adjacent to the high 
concentration region 25a and the low concentration 
region 25c of the source region 25 so as to be sepa- 
rated from a channel region 27. On the channel region 
27 between the source region 25 and the drain region 
26, there is formed a gate electrode 30 made, for ex- 



ample, of polycrystalline silicon through a gate insu- 
lating film 29 made of Si0 2 or the like, a source elec- 
trode 31 commonly connected, for example, to the p- 
type region 28 and the high concentration region 25a 

5 of the source region 25 is formed, and a drain elec- 
trode 32 is also formed on the high concentration re- 
gion 26a of the drain region 26 to constitute a MISFET 
51. The high concentration regions 25a and 26a are 
provided to reduce the source resistance and the 

10 drain resistance, respectively, while the low concen- 
tration region 25c is provided to allow a hole current 
generated by impact ionization, which will be descri- 
bed later, to readily flow to the p-type region 28. The 
width W N of the low concentration region 25c is se- 
ts lected to be shorter than the diffusion length Lp of the 
positive holes of the minority carriers. 

The above-mentioned structure can be operated 
as a pnp bipolar transistor in which the p-type channel 
region 27, the low concentration region 25c of the n- 

20 type source region 25 and the p-type region 28 are re- 
spectively functioning as emitter, base and collector, 
whereby the holes h (hole current l p ) of the minority 
carriers generated by the impact ionization are re- 
leased from the channel region 27 through the p-type 

25 region 28 to the source electrode 31 to suppress a 
degradation of the breakdown voltage between the 
source and the drain due to the impact ionization sim- 
ilarly to Fig. 6. Moreover, this embodiment provides 
the low concentration region 25c which further facil- 

30 itates the flow of the positive holes as compared with 
Fig. 6, thereby making it possible to further improve 
the source-drain breakdown voltage. 

Assuming that a channel current of the MISFET 
using the SOI substrate is l c , a hole current generated 

35 in a high electric field is l p and an electron current pro- 
vided when a channel potential becomes higher than 
a source potential to allow the bipolar operation is l n , 
then a drain current l D is given by: 

Id = lc + In ♦ lp (1) 
40 Further, assuming that a ratio in which the hole 
current l p is generated by the channel current l c and 
the electron current l n is K(V 0 ), then we have: 
l P = K(V D ) (l c + l n ) (2) 
Further, l p and l n may be transformed as follows: 

' 5 l P = S(qDpn,2/N D W N )(e^-1) (3) 

l n = S(qDnn,2/N A .L)(e^-1) (4) 
where D p is the diffusion coefficient of the hole, S is 
the junction dimension, n, is the intrinsic carrier con- 

50 centration, N D is the donor concentration in the low 
concentration region 25c of the source, W N is the 
width of the low concentration region 25c of the 
source, N A is the acceptor concentration in the chan- 
nel region 27, L is the length of the channel region 27 

55 and V is the potential difference between the source 
and the channel. 

The above equations (1) to (4) yield: 
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tact windows 55 are respectively opened through a 
photoresist, and then a source electrode 31, a drain 
electrode 32 and a gate lead-out electrode 30A, all 
made of Al. are formed, for example, through a barrier 
metal, if necessary, to obtain a target MISFET 59. 

According to the thus constructed MISFET 59, 
since the p-type region 28A and the source region 25, 
and the p-type region 28B and the drain region 26 are 
connected with each other by the Ti silicide film 58, a 
contact window of a minimum pattern, which is deter- 
mined by the resolution of the photoresist, is suffi- 
cient for providing the window aperture 55 for a sub- 
sequently formed Al contact whereby the minimum di- 
mension of the contact window 55 is reduced as com- 
pared with the fourteenth embodiment of Fig. 30. 
Therefore, the semiconductor device of this embodi- 
ment can be produced with f ine pattern elements and 
is thus suitable to be incorporated into a highly-inte- 
grated device. 

Since the aforementioned structure of Fig. 6 can 
be formed of a silicon thin film 23 with relatively thin 
thickness, a short channel effect is not li kely to occur. 
However, in the structure having the low concentra- 
tion regions 25c and 26c as shown in Fig. 17, the 
thickness of the silicon thin film 23 is increased so 
that the short channel effect occurs because it be- 
comes difficult to control the semiconductor device 
by the gate voltage. There is then the risk that a leak 
current will increase. Accordingly, the concentration 
of the channel region 27 must be increased in order 
to avoid the short channel effect 

When the gate electrode 30 is made of phosphor- 
doped polycrystatiine silicon, the channel concentra- 
tion, particularly, the concentration on the surface of 
the channel is increased in order to control a thresh- 
old voltage Vy,. By way of example, as described 
above with reference to Fig. 18, the concentration of 
the channel region 27 is selected to be about 10 17 
cnr 3 which is higher than that of the low concentration 
regions 25c and 26c of the source region and the 
drain region (approximately in a range of from 10 15 
crrr 3 to 1 0 18 cnr 3 ). It is difficult to manufacture, by the 
prior art technique, the MISFET 52 shown in Fig. 18 
which has a concentration lower than the channel re- 
gion 27. Figs. 38Ato 38D and Figs. 41Ato41H show 
examples of manufacturing process of the MISFET 
52. 

The example of Figs. 38A to 38D will first be de- 
scribed. Referring to Fig. 38A, a gate electrode 30 
made of phosphor-doped polycrystalline silicon is 
formed on a silicon thin film 23 through a gate insu- 
lating film 29, and LDD-structured n-type low con- 
centration regions 25b and 26b are formed with the 
gate electrode 30 used as a mask. 

Next, side walls 61 made of SK)2 are formed on 
sides of the gate electrode 30, as shown in Fig. 38B, 
and then a p-type impurity, for example, boron 64 is 
ion-implanted so as to provide the channel region with 



a concentration of approximately 10 17 cnr 3 (for exam- 
ple, not less than 10 17 cm- 3 on the bottom and approx- 
imately 5 x 10 16 cnr 3 on the surface). This ion implan- 
tation is intended to control the threshold voltage 

5 as well as prevent the short channel effect. This ion 
implantation is performed through the gate electrode 
30 to achieve a concentration profile such that an ion 
implantation peak 64 exists in the vicinity of the bot- 
tom of the channel 27. 

10 Fig. 39A shows a concentration profile on a line 
A-A passing the channel region 27 after the ion im- 
plantation and active anneal processing, wherein ref- 
erence numeral 62 designates a concentration profile 
of boron, and 63 that of the gate electrode 30 made 

15 of n + polycrystalline silicon. Thus, portions corre- 
sponding to the source region 25 and the drain region 

26 are lower by the thickness of the gate electrode 30, 
whereby an ion implantation peak 64 2 exists in the 
Si0 2 f Mm 22 positioned beneath the source and drain 

20 regions, so that the boron concentration is extremely 
low. More specifically, it is lower than the concentra- 
tion in the n-type low concentration regions 25c, 26c 
formed in the later process. Fig. 39B shows a concen- 
tration profile on a line B-B passing the source region 

25 25 (or the drain region 26), wherein reference numeral 
62 designates a concentration profile of boron. Ref- 
erence numeral 65 designates a concentration profile 
of the high concentration region 25a (or 26a) and the 
low concentration region 25c (or 26c) of the source re- 

30 gion (or the drain region), later referred to. 

Subsequently, an n-type impurity 66 in a low con- 
centration is ion-implanted to form the n-type low 
concentration regions 25c, 26c in a concentration of 
approximately 10 16 cm- 3 to 10 16 cnr 3 and then a n- 

35 type impurity 67 in a high concentration is ion-im- 
planted to form the high concentration regions 25a, 
26a in a concentration of approximately 10 20 crrr 3 on 
the n-type low concentration regions 25c and 26c, as 
shown in Fig. 38C. Thus, the source region 25 is com- 

40 posed of the regions 25a, 25b and 25c while the drain 
region 26 of the regions 26a, 26b and 26c. 

Next, as shown in Fig. 38D, p-type impurity, for 
example, boron 69 is implanted through a photoresist 
mask 68 to form the p-type regions 28A and 28B out- 

45 side the source region 25 and the drain region 26 but 
separated from the channel region 27. Then, a source 
electrode and a drain electrode are formed to obtain 
the MISFET 52 shown in Fig. 18. According to this 
manufacturing method, the boron 64 is implanted by 

so utilizing the thickness of the gate electrode 30 to raise 
only the concentration of the channel region 27, so 
that the n-type low concentration regions 25c, 26c, in 
a concentration lower than that of the channel region 

27 can be formed by the later ion implantation of the 
55 impurity 66. It is therefore possible to readily manu- 
facture the MISFET 52 shown in Fig. 18 capable of 
preventing the short channel effect in a high accuracy 
and in a self-align fashion. It is also possible to readily 
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gion 26 to constitute an n-channel MISFET 94. 

Figs. 20 through 22 show fifteenth to seven- 
teenth embodiments which are respectively modified 
examples of Fig. 19. In Fig. 20. the n-type source re- 
gion 25 and drain region 26 are formed so as to reach 5 
the Si0 2 film 22 on the bottom of the SOI substrate, 
and the metal layer 83 is formed within the n-type 
source region 25. In Fig. 21, the n-type source region 
25 and drain region 26 are formed with a depth which 
does not reach the Si02 film 22 on the bottom of the 10 
SOI substrate, and the metal layer 83 is formed within 
the n-type source region 25. Further, in Fig. 22, the 
metal layer 83 is formed in a portion of the n-type 
source region 25, shown in a plane view. In either 
case, the metal layer 83 is constituted of an ohmic 15 
metal, and the distance W N of the source region 25 is 
selected to be shorter than the diffusion length L p of 
the positive hole. 

When the positive holes of the electron-hole cou- 
plings generated by the impact ionization enter the 20 
source region 25, they flow toward the metal layer 83 
by diffusion. Fig. 35 shows the dependence of a hole 
current lp flowing through the metal layer 83 upon the 
distance (width) W N of the source region 25. A curve 
II in Fig. 35 indicates a diffusion current of the hole, 25 
a curve III in Fig. 35 indicates a recombination cur- 
rent, and a curve I in Fig. 35 indicates the effective 
hole current l p obtained as the sum of the diffusion 
current and the recombination current The diffusion 
current is proportional to l/W N , whereby as the the dis- 30 
tance W N is increased beyond the diffusion length Lp 
of the minority carrier (the positive hole in this case), 
the hole current lp becomes constant (or equal to the 
recombination current). 

Thus, according to the MISFET 94 of the present 35 
embodiment, the metal layer 83 ohmically contacted 
with the source region 25 is formed within the silicon 
thin film 23, and the distance W N of the source region 
25 between the metal layer 83 and the channel region 
27 is made shorter than the diffusion length Lp of the 40 
positive hole or the minority carrier, whereby the hole 
current lp caused by the picture holes generated by 
the impact ionization and flowing toward the metal 
layer 83 is increased, and as the result the degrada- 
tion of the breakdown voltage between the source 45 
and the drain can be suppressed. 

In the structures of the above-mentioned em- 
bodiments shown in Figs. 19 to 22, it is possible to 
place the metal layer 83 symmetrically adjacent-to 
both sides of the source region 25 and the drain re- so 
gion 26. Fig. 23 shows an example of a three-terminal 
LDD (Lightly doped drain) structure. This MISFET 98 
has metal layers 83A and 83B respectively formed 
outside a source region 25 and a drain region 26 hav- 
ing high concentration regions 25a, 26a and low con- 55 
centration regions 25b, 26b such that the metal layers 
are in ohmic contact with the corresponding source 
region 25 and drain region 26 but separated from a 



channel region 27. In this case, the effective distance 
W N of the symmetric source region 25 and drain re- 
gion 26 are selected to be shorter than the diffusion 
length L p of the positive holes or the minority carrier. 
The metal layers 83Aand 83B are used commonly as 
a source electrode and a drain electrode, respective- 
ly. Specifically, a gate electrode 30 is made, for ex- 
ample, of a boron-doped polycrystalline silicon, the 
thickness d of the silicon thin film 23 is selected to be 
80 nm, the impurity concentration of the channel re- 
gion 27 approximately 10 u crrr 3 , the impurity con- 
centration of the low concentration regions 25b and 
26b of the source region and the drain region approx- 
imately 10 17 cm- 3 , and the impurity concentration of 
the high concentration regions 25a and 26a approxi- 
mately 10 20 crrr 3 . 

According to the MISFETs 94, 95, 96, 97 of the 
embodiments described above, it is possible to sup- 
press the degradation of the breakdown voltage be- 
tween the source and the drain due to the impact ion- 
ization. Further, since the metal layer 83 can be sym- 
metrically formed on both sides of the source region 
25 and the drain region 26, they can be used as a 
switching element such as an access transistor for a 
static RAM cell, thereby making it possible to extend 
an applicable range in circuit elements. 

Also, the structure is simple because the metal 
layer 83 is merely formed outside the source region 
or outside the source region and the drain region, 
thereby providing a simple manufacturing process. 

Further, the devices thus structured will not dam- 
age advantages of elements utilizing the SOI sub- 
strate such as a small parasitic capacitance, a large 
freedom in setting the impurity concentration in the 
channel region 27, and a high durability against a 
rays and latch-up. 

In the nineteenth embodiment shown in Fig. 24, 
in a silicon thin film 23, for example, of p-type, com- 
prised in an SOI substrate 24, there are formed n-ty- 
pe source region 25 and drain region 26 respectively 
having high concentration regions 25a and 26a and 
low concentration regions 25c and 26c, formed be- 
neath the high concentration regions, reaching an 
SiOa film 22 on the bottom, and a metal layer 83 is 
formed adjacent to the high concentration region 25a 
and the low concentration region 25c of the source re- 
gion 25 but separated from the channel region 27. 
The metal layer 83 is contacted with the high concen- 
tration region 25a in an ohmic fashion, while a Schott- 
ky junction is formed between the metal layer 83 and 
the low concentration region 25c. The distance W N of 
the low concentration region 25c of the source region 
between the metal layer 83 and the channel region 27 
Is selected to be shorter than the diffusion length Lp 
of the positive holes. Then, on the channel region 27 
between the source region 25 and the drain region 26, 
there Is formed a gate electrode 30 made, for exam- 
ple, of polycrystalline silicon through a gate insulating 
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of the low concentration regions 25c and 26c approx- 
imately 10 15 to10 16 crrr 3 . 

Since the source and drain can be symmetrically 
formed as described above, the element of the pres- 
ent embodiment can be used as a switching element 
such as an access transistor for a static RAM cell. 

Figs. 26A through 26F show the twenty-first em- 
bodiment of the present invention which will be de- 
scribed with a manufacturing process thereof. 

As shown in Fig. 26A, in this embodiment, a gate 
insulating film 29 made of SiOj or the like and a gate 
electrode 30 made of polycrystalline silicon are 
formed in a silicon thin film 23 comprised in an SOI 
substrate 24. Then, LDD-structured n-ty pe source re- 
gion 25 and drain region 26 having low concentration 
regions 25b, 26b and high concentration regions 25a, 
26a are formed such that the source region 25 and the 
drain region 26 provide shallow junctions. Further, on 
the surfaces of the high concentration regions 25a 
and 26a of the source region and the drain region and 
the surface of the gate electrode 30, there are formed 
a silicide layers made of high melting point metaJ, for 
example, titanium silicide (TiSi^ layer 100. 

Next, as shown in Fig. 26B, an inter-layer insulat- 
ing film 101 is formed and a window 102 for exposing 
a gate contact portion is formed. Then, as shown in 
Fig. 26C, windows 104 and 105 corresponding to a 
source contact portion and a drain contact portion, re- 
spectively, are formed through a photo-resist mask 
103. Further, grooves 106 and 107 are formed by se- 
lectively etching the silicon portions through the win- 
dows 104 and 105 to a depth reaching the Si0 2 film 
22 on the bottom of the film 23. 

Next, as shown in Fig. 26D, an n-type impurity 
1 08 of a low concentration is ion- implanted with a pre- 
determined implanting angle to form n-type low con- 
centration regions 25c and 26c reaching the Si0 2 film 
22 on the bottom immediately beneath the high con- 
centration regions 25a and 26b of the source region 
and the drain region. In this event, the width (cor- 
responding to W N ) of the low concentration regions 
25c and 26c is made sufficiently shorter than the dif- 
fusion length Lp of the minority carrier (W N « L p ). The 
width W, can be controlled by an implanting angle at 
the time of the ion implantation, an implanting energy, 
and a subsequent anneal processing. 

Next, as shown in Fig. 26E, a film 109 made, for 
example, of Ti, which is a high melting point metal, is 
deposited on the inner surfaces of the grooves 106 
and 107 and annealed to form titanium silicide (Tisy 
films 110 on the inner walls of the grooves 106 and 
107, that is, on the respective surfaces of the high 
concentration regions 25a, 26a and the low concen- 
tration regions 25c, 26c of the source region 25 and 
the drain region 26. The titanium silicide films 1 1 0 are 
ohmicaily contacted with the high concentration re- 
gions 25a, 26a and form Schottky junctions with the 
low concentration regions 25c, 26c. 



Thereafter, as shown in Fig. 26F, Al films 112 are 
formed in the respective grooves 106 and 107 and on 
the gate electrode 30 through barrier metal, for exam- 
ple, HON films 111, and then a source electrode 31, 

5 a drain electrode 32 and a gate lead-out electrode 
113 are formed by the pattern ing-process, to thereby 
obtain a target MISFET 114. In this structure, metal 
layers 83A and 83B are composed of the titanium sil- 
icide films 110, the barrier metal films 111 and the Al 

w films 112. 

According to the thus constructed MISFET 114, 
it is possible to provide the n-type low concentration 
regions 25c, 26c sufficiently narrower than the diffu- 
sion length Lp of the minority carrier (W N « Lp) so that 

15 a hole current l p flowing to the metal layer 83A is in- 
creased. Simultaneously, by virtue of the Schottky 
junction formed between the metal layer 83Aand the 
low concentration region 25c, a drift current based on 
an electric field prevailing at the Schottky junction is 

20 generated in addition to a diffusion current whereby 
the hole current l p is further increased. It is therefore 
possible to further improve the breakdown voltage 
between the source and the drain as compared with 
the foregoing respective embodiments. 

25 Also, in the manufacturing process, it is possible 
to form the low concentration region 25c in a remark- 
ably narrow width. Further, the element of the present 
embodiment can be readily manufactured only by 
adding a process for forming the grooves 106 and 

30 107. 

Figs. 27A through 27E show the twenty-second 
embodiment which is a modified example of Figs. 26A 
through 26F. As shown in Fig. 27A, in this embodi- 
ment, in a silicon thin film 23 comprised in an SOI sut>- 

35 strate 24 there are formed a gate insulating film 29, 
a gate electrode 30 made of polycrystalline silicon, n- 
type source region 25 and drain region 26 respective- 
ly composed of high concentration regions 25a, 26a 
and low concentration regions 25b, 26b. Further, for 

40 example, a titanium silicide film 100 is formed over 
the whole surfaces of the source region 25, the drain 
region 26 and the gate electrode 30. 

Next, as shown in Fig. 27B, an inter-larger insu- 
lating film 101 is formed and at the same time, win- 

45 dows 102, 104 and 105 to which the gate contact por- 
tion, the source contact position and the drain contact 
portion of the inter-layer insulating film 101 faces, re- 
spectively are formed. 

Next, as shown in Fig. 27C, n-type impurities 108 

so of a low concentration is ion-implanted with a prede- 
termined implanting angle through an ton implanting 
mask, for example, a photo-resist mask 103 and win- 
dows 104, 105 to form n-type low concentration re- 
gions 25c, 26c reaching an Si0 2 film 22 on the bottom 

55 immediately beneath the high concentration regions 
25a, 26a of the source region and the drain region. In 
this case, the width d 2 of the low concentration re- 
gions 25c, 26c is made wider than the width d t of the 
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wherein said source region and said drain region 
are formed with a depth which does not reach 
said insulating film on the bottom of said semi- 
conductor layer. 

6. The semiconductor device (39) according to 
claim 1 or 2, comprising a second lead-out region 
(28B) having the same conductivity type as said 
channel region and formed adjacent to said drain 
region but separated from said channel region. 

7. The semiconductor device according to claim 6, 
wherein said source region has a low concentra- 
tion source region (25b) between said channel re- 
gion and a high concentration source region 
(25a), and said drain region has a low concentra- 
tion drain region (26b) between said channel re- 
gion and a high concentration drain region (26a). 

8. The semiconductor device according to claim 1 , 
wherein said lead-out region (28) is formed as a 
second semiconductor layer (41) on top of said 
source region (25). 

9. The semiconductor device according to claim 8, 
wherein said second semiconductor layer (41) is 
made of monocrystalline silicon. 

10. The semiconductor device according to claim 8, 
wherein said second semiconductor layer is 
made of polycrystalline silicon. 

11. The semiconductor device according to claim 2, 
wherein said lead-out electrode (33) coincides 
with said source electrode (31) and/or said drain 
electrode (32), respectively. 

12. The semiconductor device (51) according to 
claim 1 characterized in that said source region 
(25) comprises a high concentration source re- 
gion (25a) and a low concentration source region 
(25c) formed beneath said high concentration 
source region, and said drain region comprises a 
high concentration drain region (26a) and a low 
concentration drain region (26c) formed beneath 
said high concentration drain region. 

13. The semiconductor device (52) according to 
claim 12, characterized in that said high con- 
centration source region (25a) is separated from 
said channel region by a first low concentration 
source region (25b), and in that said high concen- 
tration drain region (26a) is separated from said 
channel region by a first low concentration drain 
region (26b). 

14. The semiconductor device according to claim 13, 
characterized in that a first iead-out region 



(28A) and a second lead-out region (28B) having 
the same conductivity type as said channel re- 
gion are respectively formed adjacent to said 
source region and said drain region but respec- 
5 tively opposite to and separated from said chan- 

nel region. 

15. The semiconductor device according to claim 1, 
wherein said lead-out region is made of a ref rac- 

io tory metal. 

16. The semiconductor device according to claim 6, 
wherein both said first lead-out region and said 
second lead-out region are made of a refractory 

15 metal. 

17. The semiconductor device according to claim 11, 
wherein said lead-out region is made of a refrac- 
tory metal. 

20 

18. The semiconductor device according to claim 1 2, 
wherein said lead-out region is made of a refrac- 
tory metal. 

25 19. The semiconductor device according to claim 1 4, 
wherein both, said first lead-out region and said 
second lead-out region are made of a refractory 
metal. 

30 20. The semiconductor device (59) according to 
claim 1 comprising a f irst lead-out region (28A) 
provided adjacent to said source region; 
characterized in that a second lead-out region 
(28B) being a part of said semiconductor layer 

35 (23) and having the same conductivity as said 
channel region is provided, wherein said source 
region (25) has a low concentration source region 
(25b) between said channel region (27) and a 
high concentration source region (25a), and said 

40 drain region (26) has a low concentration drain re- 
gion (26b) between said channel region (27) and 
a high concentration drain region (26a), and said 
second lead-out region (28B) is formed adjacent 
to said drain region but opposite to and separated 

45 from said channel region; and in that a barrier 
metal (58) is formed on an area covering said high 
concentration source region and said first lead- 
out region and on an area covering said drain re- 
gion and said second lead-out region. 

50 

21. A semiconductor device according to claim 20, 
wherein said gate electrode is also covered with 
barrier metal. 

55 

Patentanspruche 

1. Halbleiter-Bauelement (34) mit: 
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sowohl der erste als auch derzweite Herausfuhr- 
berelch aus einem hochschmelzenden Metall be- 
stehen. 

17. Halbleiter-Bauelement nach Anspruch 11, bei 
dem der Herausfuhrbereich aus einem hoch- 
schmelzenden Metall besteht 

18. Halbleiter-Bauelement nach Anspruch 12, bei 
dem der Herausfuhrbereich aus einem hoch- 
schmelzenden Metall besteht 

19. Halbleiter-Bauelement nach Anspruch 14, bei 
dem sowohl der erste als auch der zweite Her- 
ausfuhrbereich aus einem hochschmelzenden 
Metall bestehen. 

20. Halbleiter-Bauelement (59) nach Anspruch 1, mit 
einem ersten Herausfuhrbereich (28A), der an- 
grenzend an den Sourcebereich vorhanden ist, 
dadurch gekennzeichnet, daB ein zweiter Her- 
ausfuhrbereich (28B), der Teil der Halbleiter- 
schicht (23) ist und denselben Leitungstyp wie 
der Kanalbereich aufweist, vorhanden ist, wobei 
der Sourcebereich (25) einen Sourcebereich 
(25b) mit niedriger Konzentration zwischen dem 
Kanalbereich (27) und einem Sourcebereich 
(25a) mit hoher Konzentration aufweist, und der 
Drainbereich (26) einen Drainbereich (26b) mit 
niedriger Konzentration zwischen dem Kanalbe- 
reich (27) und einem Drainbereich (26a) mit ho- 
her Konzentration aufweist, und der zweite Her- 
ausfuhrbereich (28B) angrenzend an den Drain- 
bereich, jedoch abgewandt und getrennt vom Ka- 
nalbereich ausgebildet ist, und daB ein Sperr- 
schichtmetall (58) auf einer den Sourcebereich 
mit hoher Konzentration und den ersten Heraus- 
fuhrbereich abdeckenden Flache und einer den 
Drainbereich und den zweiten Herausfuhrbereich 
abdeckenden Flache ausgebildet ist. 

21. Halbleiter-Bauelement nach Anspruch 20, bei 
dem auch die Gateelektrode durch das Sperr- 
schichtmetall abgedeckt ist. 



Revendications 

1. Dispositif a semiconducteur (34) comprenant: 
un substrat (21); 

une couche isolante (22) formee sur ledit 
substrat (21); 

une couche semiconductrice (23) munie 
d'une region de source (25) munie d'une electro- 
de de source (31). d'une region de drain (26) mu- 
nie d'une electrode de drain (32) et d'une region 
de canal (27); 

une electrode de grille (30) formee sur la- 



drte couche semiconductrice (23) au-dessus de 
ladtte region de canal (27) au travers d'un film 
d'isolation de grille (29); et 

une region de connexion de sortie (28) 

5 presentant le meme type de conductivite que ce- 

lui de ladite region de canal (27), munie d'une 
electrode de connexion de sortie (33), 

caracterise en ce que ladite region de 
connexion de sortie (28) est comptetement sepa- 

10 ree de ladite region de canal (27) par une region 
d'une conductivite opposee de telle sorte que la 
distance W N separant ladite region de connexion 
de sortie (28) et ladite region de canal (27) soit 
plus courte que la longueur de diffusion Lp des 

15 porteurs minoritaires de ladite region de canal 
(27). 

2. Dispositif & semiconducteur selon la revendica- 
tion 1, dans lequel ladite region de connexion de 
20 sortie (28) est prevue de maniere a etre adjacen- 
te a ladite region de source (25) et/ou a ladite re- 
gion de drain (26) mais de maniere a etre oppo- 
see a ladite region de canal (27). 

25 3. Dispositif a semiconducteur selon la revendica- 
tion 1, dans lequel ladite region de source et la- 
dite region de drain sont formees de maniere a at- 
teindre iadite couche isolante au niveau du fond 
de ladite couche semiconductrice. 

30 

4. Dispositif a semiconducteur selon la revendica- 
tion 1, dans lequel la profondeur de ladite region 
de connexion de sortie est plus faible que la pro- 
fondeur de ladite region de source. 

35 

5. Dispositif d semiconducteur selon la revendica- 
tion 4, dans lequel ladite region de source et la- 
dite region de drain sont formees moyennantune 
profondeur qui fait qu'elles n'attetgnent pas ledit 

40 film d'isolation sur ie fond de la couche semicon- 
ductrice. 

6. Dispositif a semiconducteur (39) selon la reven- 
dication 1 ou 2, comprenant une seconde region 

45 de connexion de sortie (28B) presentant le meme 
type de conductivite que celui de ladite region de 
canal et formee de maniere d etre adjacente & la- 
dite region de drain mais de maniere d etre sepa- 
ree de ladite region de canal. 

50 

7. Dispositif a semiconducteur selon la revendica- 
tion 6, dans lequel ladite region de source 
comporte une region de source a faible concen- 
tration (25b) entre ladite region de canal et une 

55 region de source d haute concentration (25a) et 

ladite region de drain comporte une region de 
drain d faible concentration (26b) entre ladite re- 
gion de canal et une region de drain £ haute 
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FIG. 7 
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FIG. 9 
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FIG. 29A 
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